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(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a large-capacity ferroelectric 
storage device whereinto many memory cells can be integrated each of 
which comprises only one ferroelectric capacitor. 

SOLUTION: Respective main bit lines MBLN. MBLN+1 laid in the form of 
columns are connected selectively with arbitrary auxiliary bit lines SBLN, 
SBLN+1 from among a plurality of auxiliary bit lines via selection 
transistors STN, STN+1 . In the grid positions wherein a plurality of word 
lines WL1 -WLM laid in the form of rows intersect the foregoing auxiliary bit 
lines, memory cells Cm,N, Cm,N+1 comprising ferroelectric capacitors are 
disposed one by one. Further, one electrode of each foregoing ferroelectric 
capacitor is connected with each foregoing auxiliary bit line, and the other 
electrode of each foregoing ferroelectric capacitor is connected with each 
foregoing word line. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Each main bit line wired by seriate is connected to two or more subbit lines through a connecting means. The 
memory cell which becomes the grid location where the above-mentioned subbit line and two or more word lines wired 
by behavior cross from one ferroelectric capacitor, respectively is arranged. Ferroelectric storage which one electrode of 
each ferroelectric capacitor is connected to the above-mentioned subbit line, and one of other electrodes are connected 
to the above-mentioned word line, and memorizes one of the data of the 1 st data of opposition, or the 2nd data mutually 
according to the direction of polarization of the above-mentioned ferroelectric capacitor. 

[Claim 2] The above-mentioned connecting means is ferroelectric storage according to claim 1 with which it is an MOS 
mold semiconductor device, and other one side is connected to the above-mentioned subbit line, a gate electrode is 
connected to a selector-gate line, respectively, and either the source electrode of the MOS mold semiconductor device 
concerned or a drain electrode connects the above-mentioned main bit line and a subbit line to the above-mentioned 
main bit line in actuation according to the applied voltage of the selector-gate line concemed. 

[Claim 3] The writing of the 1st data to a memory cell An electrical potential difference is impressed in the direction in 
which the subbit line potential chosen from the word line potential to choose becomes high. Carry out by making 
polarization of the ferroelectric capacitor carry out in the above-mentioned impression electric-field direction, and the 
writing of the 2nd data to a memory cell Ferroelectric storage according to claim 1 performed by impressing an 
electrical potential difference in the direction in which the subbit line potential chosen from the word line potential to 
choose becomes low, and making polarization of the ferroelectric capacitor carry out in the above-mentioned impression 
electric-field direction. 

[Claim 4] Read-out of data to a memory cell is ferroelectric storage according to claim 1 which judges data by 
connecting with the subbit line which chooses the main bit line, changing the word line electrical potential difference to 
choose, changing the polarization condition of a ferroelectric capacitor, and detecting change of the main bit line 
potential according to change of the polarization condition of the ferroelectric capacitor concemed. 
[Claim 5] Ferroelectric storage according to claim 1 with which the re-writing of data to the memory cell concemed is 
performed after read-out of the data to the above-mentioned memory cell. 

[Claim 6] Ferroelectric storage according to claim 1 which has the sense amplifier of latching which reads 
corresponding to each main bit line, and latches data or write-in data, and is performed by putting in block the writing or 
read-out, and the re-writing of data to a memory cell to all the memory cells connected to ttie word line to choose. 
[Claim 7] Ferroelectric storage according to claim 1 which writes in the above-mentioned opposition data to the 
memory cell in which the write-in data concemed and the data of opposition should be written after bundling up to all 
the memory cells connected to the selected word line and writing in the 1st data or 2nd data. 

[Claim 8] The writing of the above-mentioned data is ferroelectric storage according to claim 1 which makes a unit all 
the word lines that intersect the subbit line chosen by the selector-gate line, and performs them in order for every word 

line. 

[Claim 9] Read-out and the re-writing of the above-mentioned data are ferroelectric storage according to claim 1 which 
makes a unit all the word lines that intersect the subbit line chosen by the selector-gate line, and performs them in order 
for every word line. 

[Claim 10] Each main bit line wired by seriate is connected to two or more subbit lines through a connecting means. 
The memory cell which changes from one ferroelectric capacitor to the grid location where the above-mentioned subbit 
line and two or more word lines wired by behavior cross, respectively is arranged. It is the manufacture approach of 
ferroelectric storage that one electrode of each ferroelectric capacitor was connected to the above-mentioned subbit line, 
and one of other electrodes were connected to the above-mentioned word line. The process which forms the lower layer 
capacitor electrode of each memory cell with the above-mentioned subbit line. The process which forms the 
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ferroelectric capacitor insulator layer of each memory cell, and the process which forms the upper capacitor electrode 
for every memory cell, The manufacture approach of ferroelectric storage of having the process which forms the above- 
mentioned word line so that the above-mentioned word line may be connected to the above-mentioned upper capacitor 
electrode for every memory cell, and the process which forms the above-mentioned main bit line. 
[Claim 1 1 ] The above-mentioned lower layer capacitor electrode is formed with the platinum of the 1 st layer, or an 
oxide system ceramic ingredient. The above-mentioned ferroelectric capacitor insulator layer is formed with the oxide 
ferroelectric ingredient which makes the oxide ferroelectric ingredient or Bi system stratified perovskite structure which 
makes a perovskite structure. The above-mentioned upper capacitor electrode is formed with the platinum of the 2nd 
layer, or an oxide system ceramic ingredient. It is the manufacture approach of ferroelectric storage according to claim 
10 that the above-mentioned word line is formed of the aluminum, its alloy, or bipolar membrane of the 1st layer, and 
the above-mentioned main bit line is formed of the aluminum, its alloy, or bipolar membrane of the 2nd layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] By constituting a memory cell from one ferroelectric capacitor fundamentally, this invention 
relates to the ferroelectric store in which high accumulation and large-capacity-izing are possible, and relates to the 
device structure, device actuation operation, and the manufacture approach especially. 

[0002] 

[Description of the Prior Art] A ferroelectric capacitor is constituted for the oxide ferroelectric ingredients (for example, 
PbZrTi03 etc.) which make a perovskite structure, or the oxide ferroelectric ingredients (for example, BiSr2 Ta 209 
etc.) which make Hi system stratified perovskite structure as a capacitor insulator layer, and the ferroelectric storage 
which memorizes data according to the direction of polarization of the ferroelectric capacitor concerned is known. 
[0003] Hereafter, it relates and the hysteresis characteristic of a ferroelectric capacitor is explained to drawin g 12 . In 
drawing 12 , as for a hysteresis characteristic, (b), and (c), (a) shows mutually the condition of a capacitor that the 1st 
data (following data 1) of opposition and the 2nd data (following data 0) were written in, respectively. 
[0004] In the hysteresis characteristic which shows ferroelectric storage to drawi ng 12 (a) The condition (inside A of 
drawing) that impressed the electrical potential difference by the side of plus to the ferroelectric capacitor (inside C of 
drawing), and the remanence charge of +Qr remained Data 1 (the 1st data), The electrical potential difference by the 
side of minus is impressed (inside D of drawing). - It uses as memory of a non- volatile by using as data 0 (the 2nd data) 
the condition (inside B of drawing) that the remanence charge of Qr remained. 

[0005] By the way, the approach (following ITR-ICAP mold eel) of constituting one memory cell from one selection 
transistor and one ferroelectric capacitor is learned as what uses the ferroelectric capacitor mentioned above as a 
ferroelectric store of a non- volatile. 

[0006] DrawingJ_3 is the memory array Fig. of the ferroelectric storage which has a ITR-ICAP mold cel. 
[0007] The memory array of drawing 13 is making the so-called clinch bit line structure, and the plate electrode line for 
MA and MA' to drive a word line for plate electrode line, RWLA, and RWLA' to drive a bit line as for word line, BLA, 
and BLA*, and for reference cell, WLA, and WLA* drive a reference cell in memory cell, MRA, and MRA', as for PLA 
among drawing, and for RPLA drive a reference cell and CL show the load-carrying capacity of each bit line BLA and 
BLA', respectively. A memory cell MA is constituted by the selection transistor TA and the ferroelectric capacitor CA, 
and memory cell MA' is constituted by selection transistor TA' and ferroelectric capacitor CA'. A reference cell MRA 
and MRA' are prepared in order to carry out comparison read-out of the data of a memory cell MA and MA', in the case 
of a reference cell MRA, they are constituted by the selection transistor TRA and the ferroelectric capacitor CRA, and, 
in reference cell MRA', are constituted by selection transistor TRA' and ferroelectric capacitor CRA'. 
[0008] In the ferroelectric storage which has the ITR-ICAP mold eel of drawin g 13 For example, data read-out of a 
memory cell MA It is carried out by the comparison with reference cell MRA' connected to comparison bit line BLA' 
which adjoined in the direction of a clinch of the read-out bit line BLA. Data read-out of memory cell MA' It is carried 
out by the comparison with the reference cell MRA connected to the comparison bit line BLA which adjoined in the 
direction of a clinch of read-out bit line BLA'. Moreover, in a reference cell MRA and MRA', capacitor area or bias 
voltage is adjusted and an optimum design is carried out so that it may be in an intermediate state in case the remanence 
charge of +Qr or -Qr is read in the hysteresis characteristic of drawing 12 (a), respectively, therefore, in a ITR-ICAP 
mold eel, the potential difference between the read-out bit line by the read-out eel and the comparison bit line by the 
reference cell is alike with a sense amplifier SA, is amplified, and the judgment of data is made. 
[0009] 

[Problem(s) to be Solved by the Invention] By the way, it sets to the ferroelectric storage which has the ITR-ICAP 
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mold eel mentioned above. Although reservation of the DISUTABU prevention at the time of data writing and the 
margin of operation at the time of data read-out is easy since the memory cell consists of one selection transistor and 
one ferroelectric capacitor When a memory cell compares with other nonvolatile storages which consist of one 
component, for example, a flash memory, EPROM, etc., memory cell area becomes large and there is a problem that- 
izing cannot be carried out [ large capacity ]. 

[0010] This invention is made in view of this situation, and the purpose is in offering the ferroelectric storage in which 
high accumulation and large-capacity-izing are possible by constituting a memory cell only from one ferroelectric 
capacitor fundamentally in the ferroelectric storage which performs a data storage according to the direction of 
polarization of a ferroelectric capacitor. 
[0011] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the ferroelectric storage of this 
invention Each main bit line wired by seriate is connected to two or more subbit lines through a connecting means. The 
memory cell which changes from one ferroelectric capacitor to the grid location where the above-mentioned subbit line 
and two or more word lines wired by behavior cross, respectively is arranged. One electrode of others [ electrode / of 
each ferroelectric capacitor / one ] is connected to the above-mentioned subbit line at the above-mentioned word line, 
and one of the data of the 1st data of opposition or the 2nd data are mutually memorized according to the direction of 
polarization of the above-mentioned dielectric capacitor. 

[0012] Moreover, in the above-mentioned ferroelectric storage, the above-mentioned connecting means is an MOS mold 
semiconductor device, other one side is connected to the above-mentioned subbit line, a gate electrode is connected to a 
selector-gate line, and either the source electrode of the MOS mold semiconductor device concerned or a drain electrode 
connects the above-mentioned main bit line and a subbit line to the above-mentioned main bit line in actuation 
according to the applied voltage of the selector-gate line concerned. 

[0013] Moreover, tiie writing of as opposed to a memory cell in the above-mentioned ferroelectric store of the 1st data 
Electrical-potential-difference impression is carried out in the direction in which the subbit line potential chosen from 
the word line potential to choose becomes high. Carry out by making polarization of the ferroelectric capacitor carry out 
in the above-mentioned impression electric-field direction, and the writing of the 2nd data to a memory cell An 
electrical potential difference is impressed in the direction in which the subbit line potential chosen from the word line 
potential to choose becomes low, and it carries out by making polarization of the ferroelectric capacitor carry out in the 
above-mentioned impression electric-field direction. 

[0014] Moreover, it connects with the subbit line which chooses the main bit line, and read-out of receiving [ the above- 
mentioned ferroelectric store ]-memory cell data changes the word line electrical potential difference to choose, changes 
the polarization condition of a ferroelectric capacitor, and judges data by detecting change of the main bit line potential 
according to change of the polarization condition of the ferroelectric capacitor concemed. 

[001 5] Moreover, the above-mentioned ferroelectric store performs the re-writing of data to the memory cell concemed 
after read-out of the data to the above-mentioned memory cell. 

[0016] Moreover, the writing or read-out, and the re- writing of data to a memory cell are performed to all memory cell 
packages connected to the word line to choose by the above-mentioned ferroelectric store's having the sense amplifier of 
latching corresponding to each main bit line, reading it to the sense amplifier concemed, and latching data or write-in 

data. 

[0017] Moreover, the writing of the above-mentioned data consists of an elimination step which writes the 1st data or 
2nd data in a package to all the memory cells that stand in a row in the selected word line, and a write-in step which 
writes in the above-mentioned opposition data after the above-mentioned elimination step to the memory cell in which 
the above-mentioned elimination data and the data of opposition should be written in the above-mentioned ferroelectric 

store. 

[0018] Moreover, in the above-mentioned ferroelectric store, the writing of the above-mentioned data is performed in 
order for every word line by making into a unit all the word lines that intersect the subbit line chosen by the selector- 
gate line. 

[0019] Moreover, in the above-mentioned ferroelectric store, read-out and the re- writing of the above-mentioned data 
are performed in order for every word line by making into a unit all the word lines that intersect the subbit line chosen 
by the selector-gate line. 

[0020] Moreover, the manufacture approach of the ferroelectric store of this invention has the process which forms the 
lower layer capacitor electrode of each memory cell with the above-mentioned subbit line, the process which forms the 
ferroelectric capacitor insulator layer of each memory cell, the process which forms the upper capacitor electrode for 
every memory cell, the process which forms the above-mentioned word line so that the above-mentioned word line may 
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be connected to the above-mentioned upper capacitor electrode for every memory cell, and the process which forms the 
above-mentioned main bit line. 

[0021] Moreover, in the above-mentioned manufacture approach, the above-mentioned lower layer capacitor electrode 
(the above-mentioned subbit line) is formed with the platinum of the 1st layer, or an oxide system ceramic ingredient. 
The above-mentioned ferroelectric capacitor insulator layer is formed with the oxide ferroelectric ingredient which 
makes the oxide ferroelectric ingredient or Bi system stratified perovskite structure which makes a perovskite structure. 
The above-mentioned upper capacitor electrode is formed with the platinum of the 2nd layer, or an oxide system 
ceramic ingredient. The above-mentioned word line is formed of the aluminum, its alloy, or bipolar membrane of the 1st 
layer, and the above-mentioned main bit line is formed of the aluminum, its alloy, or bipolar membrane of the 2nd layer. 

[0022] According to the ferroelectric storage of this invention, since a memory cell consists of only one ferroelectric 
capacitor fundamentally, memory cell area becomes small, and high integration of it is attained, and it is suitable for 
large-capacity-izing. 

[0023] Furthermore, a bit line (the main bit line) is divided into two or more subbit lines, the memory cell number which 
stands in a row in a bit line (the main bit line) at the time of data writing and data read-out since a memory cell is 
arranged in the grid location where the above-mentioned subbit line and two or more word lines wired by behavior cross 
is divided, and DISUTABU at the time of data writing is mitigated, and reservation of the margin at the time of data 
read-out becomes easy. 

[0024] Moreover, connection control with the above-mentioned main bit line and a subbit line is possible by connecting 
the above-mentioned main bit line and a subbit line in actuation according to the applied voltage of a selector-gate line. 
[0025] Moreover, the writing of the 1st data to a memory cell An electrical potential difference is impressed in the 
direction in which the subbit line potential chosen from the word line potential to choose becomes high. Carry out by 
making polarization of the ferroelectric capacitor carry out in the above-mentioned impression electric-field direction, 
and the writing of the 2nd data to a memory cell It is possible by impressing an electrical potential difference in the 
direction in which the subbit line potential chosen fi'om the word line potential to choose becomes low, and making 
polarization of the ferroelectric capacitor carry out in the above-mentioned impression electric-field direction. 
[0026] Moreover, read-out of data to a memory cell can judge data by connecting with the subbit line which chooses the 
main bit line, changing the word line electrical potential difference to choose, changing the polarization condition of a 
ferroelectric capacitor, and detecting change of the main bit line potential according to change of the polarization 
condition of the ferroelectric capacitor concerned. 

[0027] Moreover, it becomes recoverable [ data ] even if the contents of data in a memory cell are destroyed at the time 
of read-out of data by performing the re-writing of data to the memory cell concerned after read-out of the data to the 
above-mentioned memory cell. 

[0028] Moreover, since the writing or read-out, and the re-writing of data to a memory cell are performed to all memory 
cell packages connected to the word line to choose by having the sense amplifier of latching corresponding to each main 
bit line, reading to the sense amplifier concerned, and latching data or write-in data, it becomes [ high-speed writing and 
high-speed read-out of data ] possible and is suitable. 

[0029] Moreover, the elimination step which writes the 1st data or 2nd data in a package to all the memory cells that 
stand in a row in the word line with which the writing of the above-mentioned data was chosen. By constituting from a 
write-in step which writes in the above-mentioned opposition data after the above-mentioned elimination step to the 
memory cell in which the above-mentioned elimination data and the data of opposition should be written It is possible to 
mitigate the DISUTABU electrical potential difference impressed to a non-choosing memory cell at the time of data 
writing. 

[0030] Moreover, the writing of the above-mentioned data can restrict the count of DISUTABU which joins a non- 
choosing memory cell at the time of data writing by performing them in order for every word line, using as a unit all the 
word lines that intersect the subbit line chosen by the selector-gate line. 

[003 1] Moreover, read-out and the re-writing of the above-mentioned data can restrict the count of DISUTABU which 
joins a non-choosing memory cell at the time of data re-writing by performing them in order for every word line, using 
as a unit all the word lines that intersect the subbit line chosen by the selector-gate line. 

[0032] Moreover, according to the manufacture approach of the ferroelectric store of this invention, the lower layer 
capacitor electrode of each memory cell is formed by the subbit line, and, subsequently, the ferroelectric capacitor 
insulator layer of each memory cell is formed. And die upper capacitor electrode for every memory cell is formed, the 
above-mentioned word line is formed so that a word line may be connected to the upper capacitor electrode for every 
memory cell, and subsequently the main bit line is formed. 



http://www4.ipdl.jpo,go.jp/cgi-bin/tran_web_cgi_ejje 



7/28/2004 



I 



Page 4 of 10 



[0033] The above-mentioned lower layer capacitor electrode (the above-mentioned subbit line) is more specifically 
formed with the platinum of the 1 st layer, or an oxide system ceramic ingredient. The above-mentioned ferroelectric 
capacitor insulator layer is formed with the oxide ferroelectric ingredient which makes the oxide ferroelectric ingredient 
or Bi system stratified perovskite structure which makes a perovskite structure. The above-mentioned upper capacitor 
electrode is formed with the platinum of the 2nd layer, or an oxide system ceramic ingredient. The above-mentioned 
word line is formed of the aluminum, its alloy, or bipolar membrane of the 1st layer, and the above-mentioned main bit 
line is formed of the aluminum, its alloy, or bipolar membrane of the 2nd layer. 
[0034] 

[Embodiment of the Invention] Drawing 1 is drawing showing the memory array in the ferroelectric storage concerning 
this invention. 

[0035] the memory array Fig. of drawing^] ~ setting - two main bit line MBLN in drawing, and MBLN+l receiving - 
respectively — one subbit line SBLN and SBLN+1 **** — although not illustrated — since this is expedient - it is - 
actual - each - the main bit line pair is carried out and two or more subbit lines are connected. Moreover, although the 
word line number which intersects a subbit line has become M among drawing, 4, 8, or about 16 are specifically suitable 
for it. 

[0036] Setting to the memory array Fig. of drawing 1 , WLl, WLm, and WLM are a word line, MBLN, and MBLN+l. 
The main bit line, SBLN, and SBLN+1 A subbit line, STN, and STN+1 The selection transistor which connects the 
main bit line and a subbit line in actuation according to actuation is shown, respectively, and it is the selection transistor 
STN and STN+1 . It is controlled by the selector-gate line SL. Each word lines WLl , WLm, and WLM, each ** bit line 
SBLN, and SBLN+1 One ferroelectric capacitors CI and N which make a memory cell at a crossing, respectively, Cm, 
N, CM, N, CI, N+1, Cm, N+1, CM, and N+1 The electrode of another side is connected to the word line corresponding 
to the subbit line with which the electrode which is one side, respectively corresponds. 

[0037] Moreover, Transistor PCTN and PCTN+1 By precharge signal phiPC, it is main bit line MBLN and MBLN+l. It 
is a transistor for precharging on the precharge electrical potential difference VPC, and is Transistor CTN and CTN+1. 
By column selection-signal phiC, it is main bit line MBLN and MBLN+l. It is a transistor for connecting with each 
sense amplifier. A sense amplifier SAN and SAN+1 It is main bit line MBLN and MBLN+l, respectively. It is the 
connected sense amplifier, and activates by sense enable signal phiSE, a sense amplifier SAN senses the potential 
difference between the node potential VN and the comparison potential VRN, and it is sense amplifier SAN+1. Node 
potential VN+1 And comparison potential VRN+1 The potential difference of a between is sensed. 
[0038] Drawin g 2 is a pattern layout Fig. in the memory array Fig. of drawin g 1 . Moreover, drawing 3 is the device 
structure section Fig. at which it looked fi-om A- A' in the pattern layout Fig. of draw ing 2 . 
[0039] Setting to the pattern layout Fig. of drawing 2 , and the drawin g 3 device structure section Fig., for LOCOS 
isolation and 3, gate oxide and 4 are [ 1 / a silicon substrate and 2 ] the selection transistor STN and STN+1. They are 
the source / drain n+ diffusion layer field. 5 is the selector-gate line SL and is usual polish recon or a usual polycide gate 
electrode. 6 - subbit line SBLN and SBLN+1 it is - moreover, it is also a ferroelectric capacitor lower electrode, and is 
specifically formed in a layer [ 1st ] platinum layer, the ferroelectric ingredient 3 which 7 is a ferroelectric capacitor 
insulator layer and specifically has a hysteresis characteristic, for example, PbZrTiO, and BiSr2 Ta 209 etc. - it is 
formed. 8 is each ferroelectric capacitors CI, N, Cm, and N, CM, N, CI, N+1, Cm, N+1, CM, and N+1. It is an up 
electrode and is specifically formed in a layer [ 2nd ] platinum layer. 9 is an interlayer insulation film under the 1st layer 
aluminum wiring, and is usual CVD silicon oxide. 

[0040] 10a, 10b, 10c, and lOd are the contact holes under the 1st layer aluminum wiring, and contact holes 10a and lOd 
are, respectively for contact hole 10b to connect the 1st layer aluminum wiring and a layer [ 1st ] platinum layer, and for 
contact hole 10c connect the 1st layer aluminum wiring and a layer [ 2nd ] platinum layer for the 1st layer aluminum 
wiring and N+ diffiision layer field. 1 la, 1 lb, and 1 Ic are the 1st layer aluminum wiring, and 1st layer aluminum wiring 
1 la constitutes a pad aluminum layer for 1st layer aluminum wiring 1 lb to connect a word line WLl, WLm, and WLM, 
and for 1st layer aluminum wiring 1 Ic connect n+ diffusion layer field with the 2nd layer aluminum wiring for bridge 
wiring of a subbit line. 12 is an interlayer insulation film under the 2nd layer aluminum wiring, and is usual CVD silicon 
oxide. 1 3 is a contact hole under the 2nd layer aluminum wiring, and connects the 2nd layer aluminum wiring and the 
1st layer aluminum wiring. 14 is the 2nd layer aluminum wiring and constitutes main bit line MBLN and MBLN+l. 
[0041] Next, in the memory array Fig. of drawjng^l , the 1st operation gestalt in the case of performing the data writing 
to a memory cell is explained in order, referring to the timing-chart Fig. of d rawin g 4 , and the hysteresis characteristic 
of drawing 6 . 

[0042] The timing-chart Fig. of drawing 4 is a word line WLm and subbit line SBLN, and SBLN+1. It chooses and they 
are the ferroelectric capacitors (memory cell) Cm and N. It is the 1st data (following 1 data) Cm and N+1 It is a timing 
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chart in the case of writing in the 2nd data (following 0 data). In this case, the writing of one data to a memory cell 
impresses an electrical potential difference in the direction in which the subbit line potential chosen from the word line 
potential to choose becomes high, and is performed by making polarization of the ferroelectric capacitor carry out in the 
above-mentioned impression electric-field direction. Moreover, the writing of zero data to a memory cell impresses an 
electrical potential difference in the direction in which the subbit line potential chosen from the word line potential to 
choose becomes low, and is performed by making polarization of the ferroelectric capacitor carry out in the above- 
mentioned impression electric-field direction. 

[0043] First, they are memory cells Cm and N at time of day tl . To supply voltage VCC (3.3 V), it is connected main bit 
line MBLN A memory cell Cm and N+1 Main bit line MBLNs+1 connected It is set as a touch-down electrical potential 

difference (OV). 

[0044] Next, it is the selector-gate line SL to OV to 5V at time of day t2 Memory cells Cm and N, Cm, and N+l Word 
line WLl -WLM that the connected selection word line WLm is not chosen as supply voltage VCC (3.3V) other than 
WLm is set as VCC (1/2) (1 .65 V). Consequently, the ferroelectric capacitor Cm of the memory cell which should write 
in zero data, and N+1 will move to the condition of D point by time of day t3 in the hysteresis characteristic shown in 
drawing 6 , and the writing of zero data will be completed. 

[0045] Next, the selection word line WLm is brought down on a touch-down electrical potential difference (OV) at time 
of day t3. Consequently, ferroelectric capacitors Cm and N of the memory cell which should write in one data In the 
hysteresis characteristic shown in drawing^^ , it will move to the condition of C point by time of day t4, and the writing 
of one data will be completed. At time of day t4, it is all main bit line MBLN(s) and MBLN+1 to the last. After bringing 
down to OV, write-in actuation is completed by bringing down the selector-gate line SL and all word line WLl -WLM 
(s) on a touch-down electrical potential difference (OV). 

[0046] In addition, word line WLl -WLM of not choosing during a data write-in period and other than WLm is the 
ferroelectric capacitors Cm and N connected to the selected subbit line although set as VCC (1/2) (1.65V) consequently. 
Cm, and N+1. The DISUTABU electrical potential difference of VCC (1/2) (1 .65V) will be impressed to the memory 
cell of not choosing [ of an except ]. That this DISUTABU electrical potential difference poses a problem is the case 
where the above-mentioned DISUTABU electrical potential difference is added in the contents of data currently 
recorded on the non-choosing memory cell, and the direction in which reverse data are written in. 
[0047] For example, when one data is recorded on the non-choosing memory cell, as a result of impressing a 
DISUTABU electrical potential difference, in the hysteresis characteristic shown in drawin g 6 , the polarization 
condition of a ferroelectric capacitor changes from an A point to Al point. Moreover, when zero data is recorded on the 
non-choosing memory cell, as a result of impressing a DISUTABU electrical potential difference, in the hysteresis 
characteristic of drawin g 6 , the polarization condition of a ferroelectric capacitor changes from a B point to Bl point. 
However, data are not reversed and DISUTABU to a non-choosing memory cell does not pose a problem, when one 
data is recorded on the non-choosing memory cell unless a polarization condition changes from an A point to A3 point, 
and unless a polarization condition changes from a B point to B3 point when zero data is recorded on the non-choosing 
memory cell. 

[0048] Next, in the memory array Fig. of drawing 1 , the 2nd operation gestalt in the case of performing the data writing 
to a memory cell is explained in order, referring to the timing-chart Fig, of drawing J5 , and the hysteresis characteristic 
of drawing 6 . The DISUTABU electrical potential difference (1/2) which joins a non-choosing memory cell at the time 
of data writing has an advantage over the 1st example of drawing 4 of this 2nd operation ****** VCC (1.65 V) (1/3) 
to VCC (1.1 V), and a mitigable point. 

[0049] It is a word line WLm and subbit line SBLN, and SBLN+1 similarly [ in drawing 5 ]. It chooses and they are the 
ferroelectric capacitors (memory cell) Cm and N. It is one data Cm and N+1 It is a timing chart in the case of writing in 
zero data. The elimination step which writes in zero data (or one data is sufficient) to all the memory cells that were 
connected to the selected word line unlike the case of the 1st operation gestalt of drawing 4 in the case of the 2nd 
operation gestalt of drawing 5 , A data write-in approach is constituted by two steps of steps of the write-in step which 
writes in the above-mentioned opposition data after an elimination step to the memory cell in which the above- 
mentioned elimination data and the data of opposition should be written. 

[0050] In this case, data elimination (writing of zero data) to a memory cell impresses an electrical potential difference 
in the direction in which the subbit line potential chosen from the word line potential to choose becomes low, and is 
performed by making polarization of the ferroelectric capacitor carry out in the above-mentioned impression electric- 
field direction. Moreover, the writing of opposition data (one data) to a memory cell impresses an electrical potential 
difference in the direction in which the subbit line potential chosen from the word line potential to choose becomes 
high, and is performed by making polarization of the ferroelectric capacitor carry out in the above-mentioned 
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impression electric-field direction. 

[0051] First, at time of day tl, all main bit line MBLN(s) and MBLN+1 are set as a touch-down electrical potential 
difference (OV), then the selection word line WLm is set as 5V fi-om OV, and the word lines WLl-WLM of all not 
choosing it as supply voltage VCC (3.3V) other than WLm are set as a touch-down electrical potential difference (OV) 
for the selector-gate line SL. Consequently, the ferroelectric capacitors Cm and N of all the memory cells that stand in a 
row in the selection word line WLm, Cm, and N+1 In the hysteresis characteristic shown in drawing 6 , it will move to 
the condition of D point by time of day t2, and elimination (writing of zero data) will be completed. 
[0052] Next, the selector-gate line SL and the selection word line WLm are brought down on a touch-down electrical 
potential difference (OV) at time of day t2. Then, memory cells Cm and N which should write in opposition data (one 
data) Connected main bit line MBLN to supply voltage VCC (3.3V) the memory cell Cm good with elimination data 
(zero data), and N+1 it connected - main - bit line MBLN+1 (1/3) is set as VCC (1.1 V). Next, at time of day t3, the 
selection word line WLm is set as 5V, and the word lines WLl-WLM (2/3) of all not choosing it as a touch-down 
electrical potential difference (OV) other than WLm are set as VCC (2.2V) for the selector-gate line SL. Consequently, 
ferroelectric capacitors Cm and N of the memory cell which should write in opposition data (one data) In the hysteresis 
characteristic shown in drawing 6 , it will move to the condition of D point to C point by time of day t4, and the writing 
of opposition data will be completed. Finally, at time of day t4, after setting all main bit line MBLN(s) and MBLN+1 
(1/3) as VCC (1.1 V), write-in actuation is completed by bringing down the selector-gate line SL and all the word lines 
WLl-WLM on a touch-down electrical potential difference (OV). 

[0053] In addition. Cm and N which stand in a row in the selected subbit line although set as the word line WLl of not 
choosing other than WLm - WLM (2/3) VCC (2.2V), during the write-in period of opposition data consequently. Cm, 
and N+1 The DISUTABU electrical potential difference of VCC (1.1 V) will be impressed to the non-choosing memory 
cell (1/3) of an except. That this DISUTABU electrical potential difference poses a problem is the case where the 
above-mentioned DISUTABU electrical potential difference is added in the contents of data currently recorded on the 
non-choosing memory cell, and the direction in which reverse data are written in. 

[0054] For example, when one data is recorded on the non-choosing memory cell, as a result of impressing a 
DISUTABU electrical potential difference, in the hysteresis characteristic shown in drawin g 6 , the polarization 
condition of a ferroelectric capacitor changes from an A point to A2 point. Moreover, when zero data is recorded on the 
non-choosing memory cell, as a result of impressing a DISUTABU electrical potential difference, in the hysteresis 
characteristic shown in drawin g 6 , the polarization condition of a ferroelectric capacitor changes fi-om a B point to B-2 
point. However, in the case of the 2nd operation gestalt of drawing 5 , as compared with the case of the 1st operation 
gestalt of drawing^ , the hysteresis characteristic of drawing 6 shows that DISUTABU to a non-choosing memory cell 
is sharply mitigable. Therefore, when one data is recorded on the non-choosing memory cell, and zero data is recorded 
on the non-choosing memory cell from the A point to A3 point, a polarization condition changes from a B point to B3 
point, and data cannot be reversed. 

[0055] In addition, although package data writing is performed to the memory cell with which the case of the 1st 
operation gestalt of drawing_4 and the case of the 2nd operation gestalt of drawin g 5 are connected in one word line to 
choose, data writing may be performed in order for every word line by making into a unit all the word lines that 
intersect the subbit line chosen by the selector-gate line in the unit of data writing. For example, what is necessary is just 
to carry out data writing to WLl, WL2, —WLM and sequence in the case of the 1st operation gestalt of drawing 4 , and 
the 2nd operation gestalt of drawing_5 , using word lines WLl-WLM as one unit for data writing. Such data writing of a 
block unit enables it to restrict the count of DISUTABU which a non-choosing memory cell receives at the time of data 
writing to the maximum (M-1) time, and it is suitable from a viewpoint of DISUTABU prevention. 
[0056] Then, the 1st example in the case of reading the data to a memory cell in the memory array Fig. of drawin g 1 is 
explained in order, referring to the timing-chart Fig. of drawing J , and the hysterics RISHISU property of drawing 9 . 
[0057] The timing-chart Fig. of drawin g 7 is a word line WLm and subbit line SBLN, and SBLN+1. It chooses and they 
are the ferroelectric capacitors (memory cell) Cm and N. One data currently recorded and Cm, and N+1 Zero data 
currently recorded is read and they are after that, and Cm and N. One data and Cm, and N+1 It is a timing chart in the 
case of performing the re- writing of zero data. In this case, read-out of data to a memory cell judges data by connecting 
with the subbit line which chooses the main bit line, changing the word line electrical potential difference to choose, 
changing the polarization condition of a ferroelectric capacitor, and detecting change of the main bit line potential 
according to change of the polarization condition of the ferroelectric capacitor concerned. Moreover, the re-writing of 
data to a memory cell is the same as that of the case in the 1st operation gestalt of the data write-in approach of drawin g 
4. 

[0058] First, it is main bit line MBLN and MBLN+1 by time of day t2 by starting supply voltage VCC (3.3 V) and 
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column selection-signal phiC for precharge signal phiPC to 5V at time of day tl . It precharges on the precharge 
electrical potential difference VPC (OV), and is main bit line MBLN and MBLN+1 . The node VN of each sense 
amplifier, and V N+1 It connects. 

[0059] To a degree At time of day t2, precharge signal phiPC is brought down to OV, and it is main bit line MBLN and 
MBLN+1 . After carrying out floating, it is the selector-gate line SL to OV to 5V The read-out memory cells Cm and N, 
Cm, and N+1 The connected selection word line WLm is started fi-om OV to supply voltage VCC (3.3V). Consequently, 
the ferroelectric capacitors Cm and N of all the memory cells that stand in a row in the selection word line WLm, Cm, 
and N+1 It changes to the polarization condition that zero data was written in. 

[0060] For this reason, memory cells Cm and N on which one data was recorded A polarization condition is reversed, 
and potential change **[ of main bit line MBLN ] V (+) is large, and is expressed with a degree type (1). Moreover, Cm 
of the memory cell by which 0 data logging was carried out and N+l A polarization condition does not change but it is 
main bit line MBLNs+1 . Potential change **V (-) is small and is expressed with a degree type (2). 
**V (+) =VCC- [C (+)/{(M-l) -C(-)+C(+)+CBL}] 
"(1) 

**V (-) =VCC- [C (-)/{M-C(-)+CBL}] - (2) 

In addition, in (1) type and (2) types, C (+) is capacity in case the polarization condition of a memory cell is reversed, C 
(-) is capacity in case the polarization condition of a memory cell is not reversed, and CBL is bit line capacity. 
Moreover, M is a word line number which stands in a row in a subbit line, and carries out to eight in this case, and 
supply voltage VCC is set to 3.3V. In the case of a general memory cell, it is C(-f) Since it is 500fF, C(-) **100fF, 
and CBL**1000fF extent, **V (+) and **V (-) are following extent fi"om (1) type and (2) types. 
**V(+) =0.75 V**V(-) =0.18V[0061] The above thing can be illustrated and explained also in the hysteresis 
characteristic of drawing_9 . the ferroelectric capacitor Cm of a memory cell witii which one data was recorded and N+l 
it is - a case - an A point it moves to the condition of E points from a condition, and is reversed in the polarization 
condition of zero data. [ that is, ] And Cm and N which are connected to subbit line SBLN The non-choosing memory 
cells CI and N of an except - CM, and N Although it moves to the condition of G points from the condition of an A 
point when it is the memory cell on which one data was recorded, and it moves to the condition of I points from the 
condition of a B point when it is the memory cell on which zero data was recorded, the condition of a basis is held as it 
is. 

[0062] the ferroelectric capacitor Cm of a memory cell with which zero data was recorded and N+l it is ~ a case ~ a B 
point - although it moves to the condition of F points from a condition, the polarization condition of zero data does not 
change. [ moreover, ] and - secondary — Cm connected to bit line SBLN+1, and N+l The non-choosing memory cell 
CI of an except, N+l - CM, and N+l Although it moves to the condition of H points from the condition of an A point 
when it is the memory cell on which one data was recorded, and it moves to the condition of J point firom the condition 
of a B point when it is the memory cell on which zero data was recorded, the data condition of a basis is held as it is. In 
addition, in the hysteresis characteristic shown in drawin g 9 , the straight-line inclination of alternate long and short 
dash line A-E expresses the capacity C (-) in case the polarization condition mentioned above is reversed, and the 
straight-line inclination of alternate long and short dash line B-F expresses the capacity C (-) in case the polarization 
condition mentioned above is not reversed. 

[0063] Next, at time of day t3, the sense amplifier SAN connected to each main bit line and SAN+1 are activated by 
bringing down the selector-gate line SL next, bringing down the selection word line WLm to OV, and starting sense 
enable signal phiSE to supply voltage VCC (3.3 V) at time of day t4. Consequently, a sense amplifier SAN senses the 
potential difference of the potential change **V (+) and the (node potential VN) of main bit line MBLN, and the 
comparison potential VRN which were mentioned above, and sense amplifier SAN+1 senses the potential difference of 
potential change **[ of main bit line MBLNs+1 ] V (-), (node potential VN+1), and comparison potential VRN+1. 
[0064] the variation of the main bit line potential expected in each comparison potential VRN and all of VRN+1 here, 
**V(+) =0.75V, and **V(-) =0.18V - it is about set as about mean value VRN-VRN+1=0.46V. Consequently, in a 
sense amplifier SAN, they are the read-out memory cells Cm and N. One data currently recorded by time of day t5 A 
sense latch is carried out and the potential of main bit line MBLN is set as supply voltage VCC (3.3 V). To sense 
amplifier SAN+1 The read-out memory cell Cm and N+l The sense latch of the zero data currently recorded is carried 
out, and the potential of main bit line MBLNs+1 is set as a touch-down electrical potential difference (OV). 
[0065] Now, it is the read-out memory cells Cm and N fi-om time of day t5, Cm, and N+l . The receiving re-writing of 
data requires. 

[0066] First, it is the selector-gate line SL to OV to 5V at time of day t5 Memory cells Cm and N, Cm, and N+l The 
word lines WLl-WLM (1/2) of all not choosing it as supply voltage VCC (3.3 V) other than WLm are set as VCC 
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(1 .65 V) for the connected selection word line WLm. Consequently, the ferroelectric capacitor Cm of the memory cell 
which should write in zero data, and N+1 will move to the condition of D point by time of day t6 in the hysteresis 
characteristic of drawing 9 , and the re- writing of zero data will be completed. 

[0067] Next, at time of day t6, the selection word line WLm is brought down on a touch-down electrical potential 
difference (OV). Consequently, ferroelectric capacitors Cm and N of the memory cell which should write in one data In 
the hysteresis characteristic shown in drawing_9 , it will move to the condition of C point by time of day t7, and the re- 
writing of one data will be completed. After separating main bit line MBLN and MBLN+1 from the node VN of each 
sense amplifier, and VN+1 by bringing down colunm selection-signal phiC to OV at time of day t7 finally, all main bit 
line MBLN(s) and MBLN+1 are precharged on the precharge electrical potential difference VPC (OV) by starting 
precharge signal phiPC to supply voltage VCC (3.3V). Then, write-in actuation is completed by bringing down the 
selector-gate line SL and all the word lines WLl-WLM to touch-down supply voltage (OV). 

[0068] In addition, Cm and N which stand in a row in the selected subbit line although set as the word line WLl of not 
choosing other than WLm - WLM (1/2) VCC (1.65V), during a data re- write-in period consequently, Cm, and N+1 The 
DISUTABU electrical potential difference of VCC (1.65 V) will be impressed to the non-choosing memory cell (1/2) of 
an except. This is the same as that of the case of the 1st operation gestalt of the data writing explained by d rawin g 4 . 
[0069] Next, in the memory array Fig. of drawin g 1 , the 2nd operation gestalt in the case of reading the data to a 
memory cell is explained in order, referring to the timing-chart Fig. of drawing 8 , and the hysteresis characteristic of 
drawing 9 . The DISUTABU electrical potential difference (1/2) which joins a non-choosing memory cell at the time of 
data writing has an advantage over the 1st operation gestalt of drawin g 7 of this 2nd operation gestalt in a point 
mitigable fi^om VCC (1.65V) (1/3) to VCC (1 .IV). 

[0070] They are memory cells Cm and N similarly [ in drawin g 8 / of drawing 7 ]. One data currently recorded and Cm, 
and N+1 Zero data currently recorded is read and they are after that, and Cm and N. One data and Cm, and N+1 It is a 
timing chart in the case of performing the re-writing of zero data. In this case, read-out of data to a memory cell is the 
same as that of the case in the 1st operation ****** of the data read-out approach of drawing 7 . Moreover, the re- 
writing of data to a memory cell is the same as that of the case in the 2nd operation gestalt of the data write-in approach 
of drawing^. . 

[0071 ] First, by starting supply voltage VCC (3.3V) and the colunm selection signal phi for precharge signal phiPC to 

5V, by time of day t2, main bit line MBLN and MBLN+1 are precharged on the precharge electrical potential difference 
VPC (OV), and main bit line MBLN and MBLN+1 will be connected to the node VN of each sense amplifier, and VN+1 
at time ofday tl. 

[0072] Next, after bringing down precharge signal phiPC to OV and making main bit line MBLN and MBLN+1 into 
floating at time of day t2, the selector-gate line SL is read to 5V from OV, and it is memory cells Cm and N, Cm, and 
N+1 . The connected selection word line WLm is started from OV to supply voltage VCC (3.3V). Consequently, the 
ferroelectric capacitors Cm and N of all the memory cells that stand in a row in the selection word line WLm, Cm, and 
N+l It changes to the polarization condition that zero data was written in. 

[0073] For this reason, memory cells Cm and N on which one data was recorded A polarization condition is reversed 
and **V(+) =0.75V are expected that potential change **[ of main bit line MBLN ] V (+) was large, and the 1st 
operation gestalt of drawing 7 explained, the memory cell Cm by which 0 data logging was carried out and N+1 a 
polarization condition - not reversed - main - potential change **[ of bit line MBLN+1 ] V (-) is small, and as the 
operation gestalt explained by the 1st of drawing_7 , **V(-) =0.18V are expected. [ moreover, ] 
[0074] Also in the hysteresis characteristic shown in drawin g 9 , it is the same as that of the case of the 1st operation 
gestalt of drawing 7 that it can illustrate and explain of the above thing. 

[0075] Next, at time of day t3, the sense amplifier SAN connected to each main bit line and SAN+1 are activated by 
bringing down the selector-gate line SL next, bringing down the selector-gate line WLm to OV, and starting sense 
enable signal phiSE to supply voltage VCC (3.3 V) at time of day t4. Consequently, by time of day t5, the sense latch of 
the one data is carried out to a sense amplifier SAN, and the potential of main bit line MBLN will be set as supply 
voltage VCC (3.3 V). Moreover, the sense latch of the zero data is carried out sense amplifier SAN+1, and the potential 
of main bit line MBLNs+1 is set as a touch-down electrical potential difference (OV). 

[0076] Now, it is the read-out memory cells Cm and N from time of day t5, Cm, and N+1 . The receiving re- writing of 
data requires. 

[0077] First, after separating main bit line MBLN and MBLN+1 from the node VN of each sense amplifier, and VN+1 
by bringing down column selection-signal phiC to OV at time of day t5, all main bit line MBLN(s) and MBLN+1 are 
precharged on the precharge electrical potential difference VPC (OV) by starting precharge signal phiPC to supply 
voltage VCC (3.3V). Then, the selection word line WLm is set as 5V from OV, and the word lines WLl-WLM of all not 
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choosing it as supply voltage VCC (3.3V) other than WLm are set as a touch-down electrical potential difference (OV) 
for the selector-gate line SL. Consequently, the ferroelectric capacitors Cm and N of all the memory cells that stand in a 
row in the selection word line WLm, Cm, and N+1 In the hysteresis characteristic of drawing 9 , it will move to the 
condition of D point by time of day t6, and elimination (writing of zero data) will be completed. 
[0078] Next, the selector-gate line SL and the selection word line WLm are brought down on a touch-down electrical 
potential difference (OV) at time of day t6. Next, a low side is switched [ the power source of a sense amplifier system ] 
for a high side to VCC (LI V) from a touch-down electrical potential difference (OV) (1/3) with supply voltage VCC 
(3.3 V). next, column selection-signal phiC ~ 5V ~ rising ~ again ~ the potential of main bit line NfflLN ~ a sense 
amplifier SAN - supply voltage VCC (3.3V) - main - the potential of bit line MBLN+1 is set as VCC (I.IV) by sense 
ampHfier SAN+1 (1/3). Next, at time of day t7, the selection word line WLm is set as 5V, and the word lines WLl- 
WLM (2/3) of all not choosing it as a touch-down electrical potential difference (OV) other than WLm are set as VCC 
(2.2V) for the selector-gate line SL. 

[0079] Consequently, memory cells Cm and N which should write in opposition data (one data) In the hysteresis 
characteristic of drawing 9 , it moves to the condition of D point to C point till time of day t8, and the re-writing of 
opposition data is completed. After separating main bit line MBLN and MBLN+1 fi-om the node VN of each sense 
amplifier, and VN+1 by bringing down column selection-signal phiC to OV at time of day tS finally, all main bit line 
MBLN(s) and MBLN+1 are precharged on the precharge electrical potential difference VPC (1/3) (VCC (1.1 V)) by 
starting precharge signal phiPC to supply voltage VCC (3.3V). Then, re- write-in actuation is completed by bringing 
down the selector-gate line SL and all WORD selections WLl-WLM on a touch-down electrical potential difference 
(OV). 

[0080] In addition, Cm and N which stand in a row in the selected subbit line although set as the word line WLl of not 
choosing other than WLm - WLM (2/3) VCC (2.2V), during the re-write-in period of opposition data consequently, Cm, 
and N+1 The DISUTABU electrical potential difference of VCC (1 .IV) will be impressed to the non-choosing memory 
cell (1/3) of an except. This is the same as that of the 2nd operation gestalt of the data writing explained by drawing. 5 , 
and DISUTABU to a non-choosing memory cell can be sharply mitigated as compared with the example of data read- 
out of the 1 st operation gestalt of drawin g 7 . 

[0081] Moreover, although read-out and the re-writing of data are performed to the package to the memory cell with 

which the case of the 1st operation gestalt of drawing 7 and the case of the 2nd operation gestalt of drawin g 8 are 
connected in one word line to choose Read-out and the re-writing of data may be performed in order for every word line 
by making into a unit all the word lines that intersect the subbit line chosen by the selector-gate line in the unit of read- 
out of data and re- writing. For example, what is necessary is just to carry out read-out and the re-writing of data to WLl, 
WL2, ~, WLM, and sequence in the case of the 1st operation gestalt of drawing 7 , and the 2nd operation gestalt of 
drawing 8 , using word lines WLl-WLM as one unit for read-out and the re- writing of data. Such read-out and re- 
writing of the data of a block unit enable it to restrict the count of DISUTABU which a non-choosing memory cell 
receives at the time of data re-writing to the maximum (M-1) time, and it is suitable fi"om a viewpoint of DISUTABU 
prevention. 

[0082] Drawing 10 is drawing showing the example of a sense amplifier SAN and the concrete circuit diagram of 
SAN+1 in the memory array Fig. of drawingJL . 

[0083] In the sense amplifier of drawing 10 , the inverter circuit of the complementation constituted by the p channel 
MOS (calling it PMOS hereafter and being) transistor TP 1, the n channel MOS (calling it NMOS hereafter and being) 
transistor TNI and the PMOS transistor TP 2, and the NMOS transistor TN2 constitutes a latch circuit. Moreover, this 
latch circuit amplifies and latches the potential difference between nodes with nodes Nl and N2 by activating the PMOS 
transistor TP 3 and the NMOS transistor TN3 in response to sense enable signal phiSE. 

[0084] It becomes possible by corresponding for every main bit line and having a latching sense amplifier as shown in 
drawingj_0 to read to the sense amplifier concerned and to latch data or write-in data. Consequently, as the example of 
drawing 4 , drawing,5 , drawin g 7 , and drawin g 8 showed, the writing or read-out, and the re-writing of data 
corresponding to a memory cell can carry out to all memory cell packages that stand in a row in the word line to choose. 

[0085] Next, the example of a process flow for manufacturing the ferroelectric storage of this invention is explained. 
[0086] DrawingJJ (a) - drawingJJ (e) are drawings having shown the process flow until it reaches the device structure 
section Fig. of drawing 3 . 

[0087] First, it is the same as that of the usual CMOS process until it forms the source / drain n+ diffusion layer field 4 
by the ion implantation, after forming the LOCOS component isolation region 2 and gate oxide 3 in silicon substrate top 
1 and forming polish recon or the polycide gate electrode 5 in it, as shown in drawing 1 1 (a). 
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[0088] next, it is shown in drawing 1 1 (b) - as - a layer [ 1st ] platinum layer - for example, the method of a spatter 
etc. - about -200nm - forming - further - ferroelectric thin films (for example, PbZrTi03, BiSr2 Ta 209, etc.) - the 
method of a spatter etc. - about 200nm is formed. Next, etching processing of an above-mentioned layer [ 1st ] platinum 
layer and the strong dielectric thin object is carried out by the RIE method etc. at coincidence, and the ferroelectric 
capacitor lower electrode 6 and the ferroelectric capacitor insulator layer 7 are formed. 

[0089] next, it is shown in drawingJJ, (c) - as - a layer [ 2nd ] platinum layer - for example, a spatter etc. - about 
200nm is formed, after that, by the RIE method etc., etching processing is carried out and the ferroelectric capacitor up 
electrode 8 is formed. 

[0090] Next, contact holes 10a, 10b, 10c, and lOd are formed, as shown in drawin g 1 1 (d), after forming an interlayer 
insulation film (Si02 film) 9 with a CVD method, after that, a layer [ 1st ] aluminum layer is formed in a spatter, 
etching processing is carried out fiirther and bridge wiring 1 la of a subbit line, word line 1 lb, and pad aluminum layer 
11c are formed. 

[0091] Finally, as shown in drawing 1 1 (e), after forming an interlayer insulation film (Si02 film) 9 with a CVD 
method, a contact hole 13 is formed, a layer [ 2nd ] aluminum layer is formed in a spatter after that, etching processing 
is carried out fiirther, and the main bit line 14 is formed. The device structure section Fig. of drawin g 3 is reached as a 
result of the above process flow. 
[0092] 

[Effect of the Invention] As explained above, according to the ferroelectric store of this invention, each main bit line 
wired by seriate is connected to two or more subbit lines through a connecting means, and the memory cell which 
changes fi*om one ferroelectric capacitor to the grid location where the above-mentioned subbit line and two or more 
word lines wired by behavior cross, respectively is arranged. Consequently, to the memory cell which consists of one 
ferroelectric capacitor fiindamentally, the writing of data and read-out become possible, and the ferroelectric storage in 
which high accumulation and large-capacity-izing are possible can be offered. 
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^ y ir /KclEfi^ ^ ixT u ^ 6 r'- ^ F^S i: igx - ^ » 

[0 0 4 7] /ci:x.fi. ^iltR^^y ir/KClx-:^/55 
20 y ^>;=^it#tt«::^BV^-C. B,^.7!)-C> B l .^*T*3fi^«fl?=aF-^ 

^t^^mm^tix\^^^m^. A.^.^^hA3.^.^x^Am'J[km 
^mitLf£\^^m^. ^tz. #^]gtf^^^y ir/vtro7^-i$^ 
r^mm^tix\.^^m^. B.^.^>hB3,^.^x^Am^m^^ 

[0 0 4 8] mio^^y Tu-rnKc^Di/^T. ^ 

^ 2 (Dmmmmm(D. m4<Dmi (DmrnmicM-t^m.^. 

:^^-y'mj±-^K (1/2) VCC (1, 6 5V) 
3) VCC (1. IV) t^mx^^.^.{zh^o 

[0 0 4 91 mbcom'^iy. MA tmm. 

m:foJ:t;^gi|t:':y H^S B LN. SBLN + 1 ^iitf^L 

?^^fl;^^^/>v'^ (^^y-tr/u) cm,N (;iix- 

i^'^. Cm,N+l iiZ0'f—^^m^^tJ^^'^(O^^^>y 

40 iiiT*$>5o lil5o^2o*^Sff^ffi<^:^-g^^c^l, iii4<7>^ 

(llT^-^T^bctv^) ^9ty^tj^m^:^'ry:ft. 

^ n ^ t ^ ^ y / K c ^ L T ± IE iS? tB X - ^ » # 
iZ<^i:noW^ii^^^v'y>^(D. 2^m(r>:^y'yir\zX. 

[0 0 5 01 r</)S^. ^^y-fe/ujr«-r-5x-i5'?H* 

(OT^-iJ'coS^iZh^) Ji. il^-r6i7-mm{4J:'9 

50 hWR-t^mw^y vmM.&jy^'&< <^ ^:^f^tcm^Pn*p 
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II 

-tt^r ticj: »9fT9o t^ti. -fe/nc^ff ai^tiT" 

[0 0 5 1 1 *-fx B#^J t 1 T\ -t^X(0^\fy 
BLN. MBLN+ 1 Sr^ifimjE (OV) (CgS^L. U 
V^T. ^tRy- hj^SLSrO V;5-e>5 VIC. StR!7-K 
^WLm^SagSEEVCC (3. 3 V) (CWLmAil^CO 
-r-<XC0#iltf^(D^7- KlfeWL l-WLMSr^iftftBE 

(OV) JCiJ^-r-So ^(D^^^^ mE7-KISWLm(C 
il?:^ -<TO^ ^ y -^/va^mmn^^^^^^^y^ Cm, N 

. Cm,N+l m%\^^-r\i:^'r') i/:^^m^^^'^X 

10 0 5 2] 8#^Jt 2T% ^«^y-h^SL. 

J:t/iitR!7- K^WLmSr^Jfem/± (OV) \z±-hT 

if. ^v^T. (iT^-^?^) (Dm^^h^^no 

^mmffiVCC (3. 3V) (C, (0 7=^- 

^) <7)^^T'J:^/^;^^^;^r/^Cm,N+l coS^^tbfc^b" 
:y h^MB LN+ 1 ?r(l/3) VCC (1. IV) \cWi'^ 

JiklC. B#SiJt 3T*igS^y-N^SL^5 VIC. 
tR!7- K^WLm4rg^ife«l± (OV) (CW L mA^^tT^-r 
-^Tc7)^3ltR(D!7— K^WL l'-WLM^(2/3) VCC 

(2. 2v) {cis:i:-r6o -^r^osg^, iSffix-^ (it^ 

ilftMBLN. MBLN+ 1 S:(l/3) VCC (1. IV) 
WL 1 -WLMSrSiffiaiE (OV) \C±1bT^f t\Z 

[0 0 5 31 ?ijb\ iS&fflx-iJ'f^fttii^^PB^^'. WL 
mJiA^CO^StRO !7 — K«|W L 1 — W L M(i (2/3) V C 

c (2. 2v) {zwt'&^fx^^tK t(o^^. m^^ntz 

i'Jt'rx hjKlCig/£5Cm,N . Cra,N+l UJl^l<0^aitR7« ^ 

y-feyncii. (1/3) VCC (1. IV) (Dx^;^^-:/ 

[0 0 5 41 fc<t^«. ^iltR;^^y-fe/HC l7^-^;!)5 
/i. ^^tRp<^yir/KcOy^-i$'^5|eg^^;ftXV^6^ 



(7) 

12 

:^-y^<i/^cD5^®ttffi;55^fki-5o fcfzL. 1150^2 

6o Lfc:6>oT. #ig^^^y-fe/Kclx-:^;65|E»^ 
ixTl^^^-^. A.«^.7i)^bA3,^.ST\ :^fc. #^®tR;^^ 
y ^?7^^cOx-^;65|2^^;^^-C^.^-5:^^. B.^-^O^bB 3 

[0 0 5 51 /^:jo. m4(Dmi<7)mmmm(Dm^. 

l*fcig/.^5;^'=ey-fe/HcJctLT-Sx-i5'»#5i;?^Sr 

V— K^WL 1 --WLMS: 1 LT. WL 1 . WL 

20 2, ••WLM<tlilH#«cx-i^l=#ii^S:tTx«J:vv r 

m?:. *;^cPS (M-i) Eic^fJPS-f 6^ t;ii^^tg<t/<^ 

[0 0 5 61 s^v^T. HI ICO. ;^^y r u-riuic^oit 

6. ^^y ir/i-tcW-r67='->57c7)K^ttlL$:tT9^'&-(7) 

[0 0 5 71 mi(0^^ ^ V^^i-- hlUfl. 17- YU 
30 WLm:JoctI>*SiJt^'y h^S B LN. SBLN + l^iltR 
LT. ^mW^^\^^'y^ (^^y-tr/u) Cm,N tcffi^ 

Ox-^?r^.5^tt}L. -torn. Cm,N {cix-^. 
U^Cm,N+l (COy^-i5^(OS»^3Z^^4:tT5:^^c7):^^ ^ 

[0 0 5 81 S-f. BtgiJ t 1T\ y^y 5"-V-v^m-^0 P 

c$:fl:2g«£hvcc (3. 3v) (c. ^oj;t;^;<7 7Aji^ 

{t-^<i)C5r5 VlcVt-^itf^r i:lcj:f9. 0#S'Jt2*T' 
IC. ±h:'5/ h^MB LN. MBLN + 1 Sr7"y^-r — 
ttEVPC (OV) (cyy ^-y-v^L. *fcifc:*:yh;^ 
MBLN. MBLN + 1 Sr^tt-t'tlOir >-;^T V>^oy 
- KVN. V N+1 (C^^j^-r^o 

50 [0 0 5 91 t 2x\ >^y ^-y->^m^<> p 
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CSrO V|C5it>T»f Tit' h 16MB LN. MBLN + 

OVt^hbW\Z^ K^aiL/-=ey ir/UCm,N . Cm,N+l 

tmm, ^ Mz.m^ ^7 - Kuw i.m^ov'h^h mMms± v 

CC (3. 3V) lc3r1b±*f5o t<omWz. igtR!7- K 

v'^Cra.N . Cm,N+l 75^. 0 X — iZi^tlfc^J^^S * 
AV(+) =VCC • [CW / 



ta^. (1) S;. 



AV(-) =VCC • [C(-) / {M 
(2) ^(C:^oV^T. C ( + ) fip^^U 



S-&^> C (-f-) =^ 5 0 0 f F, C (-) 1 0 0 f 
F. CB 1 0 0 0 f Fgax^fe'SOT'. ( 1 ) 
(2) AV ( + ) . AV (~) ti. i^JlT<^Sa 

AV ( + ) =0. 7 5V 
AV (-) =0. 18V 

to 0 6 1] «±cDr<tJi. ngofcjx-T' y v^;^4^t^tc 

^$;HTV^fc^^ y •t/i-£7)?SMfl:fr^-^^^"v'^Cra, N+1 

CM,N (i. ir^-^tmM^tix\^^tz?^^D±/i-(om 

^\-<D^mW.i^^^y<i^^ Cm,N+l <Dm^. B .^.cOt^ffi;6^ 

L/ctV\ ^LT. S'lt:*^' hillSBLN+ IfCg^JgE^tbT 
l^SCni,N+l J[^^O^il^^^y-tyUCl,N+l ~CM,N+ 
1 fl. Ix — ^;ii>fS«^$tLTl/^fc^^yir/KO:^^, A 

TV>fcp«^y -^yuo^-g^, Bj^.(DiiKmf>^h J .^.(D^mic 

(Om&C (-) ^«LTia9. Sfc. -.^T^iaB-F^^ 
C (-) SrSLTV^-5o 

10 0 6 3] »:(::Nf*J t 3X\ my^Y- hi86s LSr. ilk 

\zmtR9-ym^Lm^0V{C^LhTif. mPlt4X± 
>::^4^^—y/um^<l>SE^mWMJ±VCC (3. 3 
V) {ZiL-h±if^Zt{ZX^. ttl't^tKD^ll^^y hm^Z 
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^^m\z^\t-r^. 

{Q 0 ^ 0\ Z(Dtz^. 1 X — ^;5l^lS^$^^TV^/c;^^ 

N<7)fl:{4^{t:Av (+) ii^t<. (1) -e^^tt 

5o Ox — !^ie»$nTV^yt;^^y "fe/U<7)Cm,N+ 

mfi^lkAv (-) {t/h$<. ^ks; (2) T^^nSo 

(M- 1 ) • C (-) + C (+) 4- C B L) ] 

- (1) 

CH +CBL} ] ••• (2) 

gfj^^tbfcir>';^r :y7"S AN. S AN+ 1 $r^tt^k^ 

y vmMBi.n(omiM\ti^v (+) (/-K«fi:v 

N) titg?m{4VRNi:(7)m{4^<Sr'ir>'^ L. 
;^T>:7^SAN+ 1 (t. h^MB LN4- 1 

'^<kAv (-) (/-KffifivN+1) titii^SffiVR 
N+1 (^Wfi^Sr-fev-J^-r-So 

[0 0 6 4] ^rT% -^n-?:*tL(7)ltg^mffiVRN. VR 
N+ l(^i--<T$r. ^»$ix^±t^':y K^m{lL(7)^{t: 
!:> AV ( + ) =0. 7 5V, :JoJ:t/AV (-) =0. 
1 8 V(7)^oJ:-^cprBlfa:VRN--VRN+ 1 =0. 46V 

U^kzWi'^'t^o t(D'i^^. '^>:^Ti^y^SAN\z\^^ 
St^^^mtp^-^y ir/WCm,N iC|5^^i^TV^yclT'— 

B LN<7)mf4JtS:ilg®JEvcc (3. 3v) 

ir>;^r>'y^S AN+ 1 {;ift. gS;z^ttiL^'=e 
yir/uCm,N+l (c:|S^^i^TV^fc 0 r"— 
y^^tx.. £1^5/ h«!|MBLN+ l(0®{4(ig^il6«EE 

(ov) {;i^;^^n5o 

[0 0 6 5] ^T. t 5;!)^^{i. K^ffiLT^^y-t: 
yUCm,N . Cm,N+l (C^fi-^T"— ^ iZi^(C(tV^ 

[0 0 6 6] B**J t 5T% m^^— h^S L^O 

V7i>^p5 5 V(C. 7«^y-fe/UCm,N . Cm, N+1 f)^^m.^f\. 
fcaltf^!7— Ki»WLm^®i!?.ffl:i±VCC (3. 3 V) 

LM^(l/2) VCC (1. 6 5V) {ZWi'^'t^o t(Df^ 
0-r-:$^?r«tiitr-<t;^^yir/vco?SM«^=¥^ 

[0 0 6 7] mz^n t 6T\ ^tR!7- K^WLm^^ 

itefflEE (OV) \z±ibT\f^o tcomm. ly^-^^m 

|l]9(C:f:i-t><:7" y i/>^#tt[C:fcl^TC,^,OiKffi(CB#^J 
t7ST(c^i&L. iT^-^^OSSti^i^^ii^^T-r^o 
S'*(CB#SiJ t 7T. ;^77Amm^0C«:O v(ca:*,T 
Jf6::i:JCJ: 0. itf^/hlSMBLN, MBLN+lSr 

MLtzm^^. >^y pcsrmasmmvcc 
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(3. 3V) «ca:t>±lf^- iricit). 't^X(D±\fy 
h^MBLN. MBLN+ l$r:/y ^-v->?mJ±VPC 

(ov) (cyy f-^-v?-r^o m^^-vms 

(OV) lc5i:^T(f6::<i:lcj:«9. ft^ii^iftf^Ji^jjiiT 

[0 0 6 8] /^:*o. x-^Se^iZi^fflr^T^'. WLmtJl 

(1. 6 5 V) icia^^ns;!^^ ^(oi^^. m^^titi 

iilt^:x hlltCiI/^>5Cm,N , Cm,N+l ^^(O^iStR;^^ 
(1/2) VCC (1. 6 5V) <D^>(:^^ — 

So 

[0 0 6 9] igi(7>^-^y ru>rii(cioi^T. ;^ 
^ y -fe/Kc^-r 5 X - ^ L 9 »^co^ 2 

T-^«#ii^8#(c^St/^;^^y-fe/HcJtJDi^5T' 
^>^i5'->^fl:iE75>. (1/2) VCC (1. 6 5V) 
/3) VCC (1. IV) [C^mX't^J^.k^hho 

[0 0 7 0] ms(om^i^. mKom-ttm^. ;^^y 

ir/l-Cra,N (Cf5«i:$tLTV>6 — *5j:T/Cm,N+l 

ICfS^^tlTV^SOx-^^'Sr^^tBL. ^(Otg. Cm,N 
(Clx-^. :JoJ:t;^Ctn,N+l (COt"— ^60S*#3Zi^4r 

[0 0 7 1 1 0#*J t 1 X\ yj=f-^-iy\t^i^ P 

C^«j!r>mi±vcc (3. 3V) (c, ioJ:u^:*^AiltR 
«-^<f>Sr5 V{cS:^±{f'5r B^giJ t 2 ST* 

(C, itf 5^ hiSaMB LN, MB LN+ 1 SrT^y ^-r — 
fllEEVPC (OV) JCT^y ^^-v?L. 
MBLN, MB LN+ 1 Sr-tti-?'tl<^-tr:^xr>:/oy 
-KVN, VN+ KcSi^-rSo 

[0 0 7 2] JJcfCB^S'Jt 2T\ y^V^^-i^iB-^4>PC 
?rO V(C3i^TtfT±t':y h^MB LN, MBLN+1 

0 V;5^P>5 VjcS2;^fttJL^^y •ir/U'Cra.N . Cni,N+l 
S^Ji5c $ tt/cil«^ 17 - K«|W L m Sr 0 V t^hmMMS. V C 
c (3. 3V) ic3i:-^±Jf5o il«^'7~-K^ 

^J'Cm^N . Cra,N+l Ot"-^ t^m^jhUMzii^m^ 
(0 0 7 3 J ^cOfci'!). I'f—^r^t^m.^flXy^^ti;^^ 
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N(Dm{4S{kAV (+) lt:fe#<. HI 7 COfg 1 (DHJfeff^ 
ffi-Clft?^LycJ: -piCAV ( + ) =0. 7 5V^5ai^$^x 
So Ox-^IEi?:$nTV^fc;^^y-iry^Cm,N+l 

fs^fkAv (-) ii/h$<. micomixmmmmxwi 

e^Lfci^tC. AV (-) =0. 1 8 V;i)5^iAS^xSo 
[0 0 7 4] Jli;l±<7):i til. [il9lC7r:-rfc:;^-r y 
tt^c::lol^Tt>. [2l7FLTlft§«T^#SCi:li. H 7 coH 1 

10 [0 0 7 5] 2fc(CB#^iJ t 3X\ il^y- h^S L?r. «k 

•fe>->^>r^.-yyHt-^<i> sE^maifl;i±vcc (3. 3 

^^$tlfcir>'>^r:x7'S AN. S AN+ 1 ^:ffi^4{t:$ 
itSo ^<0^^. ■fe:x;<T>'7'S ANiCli, B#S'Jt5S 

N(^«f4(lfl;i!gSJEVCC (3. 3V) (CiS^^ttSo 

irv^^T v:/S AN+ 1 [Cfl, Ot^— ^/i^ir 
7 ±t:':y h^MBLN+ 10«{illg^ife«iE 

20 (OV) IClS^^ttSo 

[0 0 7 6] mm t 5 7!>^e>ll. gg^ttSL^-^ey ir 

yUCni,N , Cm.N+1 Ic^t-T S^r — Off ^^ii^^f {ciiv^ 

So 

[0 0 7 7] ST. ^Syt 5T% ;^7A^tR«^0CSr 

0 V(C3itT(fSr tJCct «9. 3Et"^/ h^MB LN. M 
B LN+ 1 $r^H-?ixcoir>';^T>':7'(7)y — KVN. V 

WMEEV CC (3. 3V) icSc^bilfSr -f 
-<TC0^fc'':y h^MB LN. MB L N + 1 ^ >^y ^-y — 
30 v^«EEVPC (OV) dy^y ^-^-v^fSo ^V>T. il 
tRy— h^S L^O V7!i^^ 5 V(C. aStR!7— K^WLm 
Srfl:i!g«iEVCC (3. 3V) (C. WLinJ!iJl^Oi--<T 
<7)^iltRO!7- K^WL l~WLM^Sifemi± (OV) 
l-HS^i-So K«|WLmlCiI/^S-r 
^X <r> ;^ ^ ]) ± /i^<D^mMi$^^ ^ y<i^ ^ Cm,N . Cra,N+ 

1 755|g9(Dt>^7^y v';:^i|#tt{C:^V^TD^.<^^^tffilcNF^iJ 
t 6*T*(;i»i6L. (0x->5'O»#ii^) ;55^T 

-rso 

[0 0 7 8] mm t 6T31tRy- h^S L. ^oct 

40 a«3gtRl7-mWLmS:««fimiE (OV) ICSl^TJf 

So ^t::. ir>'>^Tvy^(^)W>$r. ^n-T 

VCC (3. 3V) (OSS. t:i-{|ij^^ifeai± (OV) 

7!»^e>(l/3) VCC (1. IV) t^§]«9^xSo JSfcl-. 

^A5ltR<t^<f»CSr5 viciz:ii±ifT. ^SE. ^t'-y h 
^MB LNcol;f44-ir>';^r vT's ANicj: 

VCC (3. 3V) IC. 3Et:'2/ h^MB LN+ 1 cO®{4 
S:ir>';:^rV7'SAN+ KCct t) (1/3) VCC (1. 1 
V) (cK:^i-So B#*Jt 7-Cig^y-h;SSLS: 

5 VIC. 3ltR!7- K^WLm^ififemffi (OV) IC. W 
50 Lm&.^<0't^X(D^mtR(D9— Klft W L 1 ---WLMSr 
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(2/3) VCC (2. 2V) lCK^i-5o 
(0 0 7 91 ^(D^^^ 

;^^i.iltRft^(^ C^O V|C35:^>TtfSw tiCit). ± 
t^yhl^MBLN, MB LN+ 1 Sr^iX-etlOir:/y<.T 
>:/<D/'-KVN. VNH- 1 <!:^«9 8iL/c^{c. 
-Y->?<t-^<^ PCSr«il«JEVCC (3. 3V) tcxiib 
±Jf5r t{Cj:«9. -r-<Tc7)£fc:''>;/ hi^MB LN. MB 
LN-fl ^-V — v^ttJEVPC ((1/3) VCC 

(1. IV) ) tc>^y ^-\^->?i-5o -tc/^m. W5i¥- 
ffi (ov) (^a:t>Tff«>::i:lc:J;i9. 
[0 0 8 01 ;:i:^b\ a?tBx-i$'(OS»#ii^»iPBl'?. w 

Lmi^Jl^C0^StRC0S7— Ki^WL l-WLMf;i(2/3) V 

CC (2. 2V) «c|$S$ix5;6^ -tco^m. ilS^^ix 
;^cii]t:' y h^lCig/^6Cra,N , Cm,N+l J^i^O^iltR;^ 
^y-ir/Mctt, (1/3) VCC (1. IV) (O^^:^^ — 
y«;£E;65Pn*D$ti6r tlc;:^6o Hi 5 T'IftBJ L 

/cT'-^«#iZi^(D^2co*ffi?f^S<i:[^«TfoJ9. 117 

(om 1 <Dmmmm<Dy'-i^m^m L(Dm t it^-r^ t . 

4b^J:l>*S»#iA^c7)W4^> iStR<$^- hi^{;ict f^iltf^^ 

{i<!:LT. WLl, WL2--. WLM tUliSdx — i^<^ 
>r;^^-yiEimS:. :t:*:Pfi (M-i) HlcSiJPS-rsr i: 

[0 0 8 21 igiio*i. m 1 co><^y Tu-rndifcv^ 

•fe>>^T>'yS AN. S AN+ lOAftce^j/^lHlKIII 

[0 0 8 31 Hi 0(Oir>;^r>'>^(C:fcv^T(l. p^-v 
^^/UMOS (JIJIT. PMOStV>9V^) h^>-v?;5^^T 
PI. n^-Y^^/^MOS (tJlT> NMOStV^^V^) V 
7>v^><^^TN 1 :JoJ:U?PMOS h ^ ^^v^;^ T P 2 , 



(10) 

CO^ y^lHlKli. PMOS h^^v^^iJ'TP 3, NMO 
S V^i^iy^^Tmf}^^ ir>^;^-r^>— y/Ht-^<> S E 

[0 0 8 4] ^:n-?ncO±t*^y h^fe{cS^/SLT. Hi 
0 iCTF-r ct ^ /.^ ^ :y ^Sir l^y^Tl^ ^Zt{zX 

10 4. [115. (3 7, mS(DmX*7f^LfzX0it^. 7<^y-fe/l- 
#iZi^7if^ iltR1-'5l7- m(cJi/^S-r-<T<30p<^yir 
[0 0 8 5] *^P^(;)3S^«ft:|5lt$^«Sr$Si§-r 
[00861 011 (a) 11 ( e ) (i. HI 3 

[0 0 8 71 ^-r> 12 1 1 (a) (C^-Tct^tC. v^y n 
20 ^^S«±1IC. LOCOS^^5>^ffi«c2. ioJ:t/>>'- 

hS^itiKs^ffML. Tj^y '>y =3>'sytJi7Ky'9-^ Ky 

i/-r ^n+K:Sfe^ffliS4S:?f$;S:-r5ST(l. ii^coCM 
O S :/nir;^ irl^l^T-fcSo 
I 0 0 8 8 1 la 1 1 ( b ) {Z.Tj^'tX 9 (C. |g 1 S 

gcD>^^^-:hii^, titK.\'f:^^<^y^:fj^{ZX. -20 
OnmSgft^fML. ^btC. (fc<tx.tfP 
bZrTi03, BiSr2Ta2 09 ^)Sr. 
^*^tCT. ~2 0 0 nmg^gJF^^'r^o ilEM 

30 i^ac7):/^^>:h^. ^xu^^mmmi^^R i Eft^^c 

[0 0 8 91 ^t-. (ail ( c ) {C^i- J: 9 ^2m 

^y^^-rm^. tit:k.\i7.^<y^mmzx. - 200 
>/ioxL. ?s^m«^=^'\^^>'>^±a5«i^8>^?FM+^o 

[0 0 9 01 ?5fetc. la 1 1 ( d ) {;i7T^-r cfc C V D 

i£(cj:«9ffirpi^^iii (s m) 9^mfS.Ltcm{c^ 

40 n:/:?'^ h/f;— /H 0 a , 10 b, 10 c, 1 0 d i:M 

yi) ^yi^SiBl la. !7- K^fel 1 b, y<y KT/U^ri 
^>A^1 1 c^ffM-r^o 

[0 0 9 1 1 ft^iC. nil ( e ) tC:^-r J: 9 C V 

so n-tr;^:7n— co^:^. lil3(7)x/<-ry^tSitSffiDlllc^ 
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10 0 9 2] 

<@603iK«i*::^-^y'? v-iJ? ct t) it -5 ^ y -feyMcSt LT. 

[mi J :^wm\^^.^^'^mn.mmmw(o:^^^)T\y 
[1121 iai(;)7<'=eyTix>riii{ciott'5^^i5'— ^'U'-rT 

[1151 |lll(D;^-=ey TU^|ll^C^ol^T. 7^-^(DS# 
ii^S:fT9ll2<D^ifefl^fficO:^^Oi?-r ^ h 

[He] 124(^11 i(7)x^-^»^i2^;^^||JS?f^S. &ID5 
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